Background: IL-17A is a pro-inflammatory cytokine that plays important role in inflammatory disease pathology and tumor microenvironment. The aim of this study is to investigate the effect of IL-17A on the progression of hepatocellular carcinoma (HCC).
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer word wide and it is also one of the poorest prognosis tumors in the world [1] . HCC often develops from chronic liver inflammation environment where plenty of leukocytes infiltrate [1, 2] . Recent studies find that immune cells and their secreted cytokines can not only contribute to the elimination of cancer cells, they could also provide a proper microenvironment for tumor development as well as promote tumor progression [3, 4] , which is determined by the local tumor microenviroment and the function state of immune cells. For example, IFN-c producing Th1 and CD8+ cytoxtic cells are associated with good prognosis [5] , while interleukin 10 (IL-10) and TGF-b producing regulatory T cells are associated with poor prognosis in HCC [6, 7] . Another interesting example is the effects of macrophages on tumor development, which mainly depends on whether they secrete anti-tumor factors IL-12 and TNF-a, or pro-tumor factors IL-10, VEGF, PDGF, CXCL8, MMP-9 and TGF-b [4, 8] .
Interleukin 17A (IL-17A) is a pro-inflammatory cytokine secreted by helper T cells (Th17), CD8 positive T cells, neutrophils, gamma/delta T cells and NK cells [9] [10] [11] [12] . IL-17A has been found to play important role in many chronic diseases such as rheumatoid arthritis [13] , inflammatory bowel disease [14] and multiple sclerosis [15] . Recently IL-17A has been also frequently detected in many cancers such as ovarian cancer [16] , breast cancer [17] and gastric cancer [18] . The role of IL-17A in the development and progression of cancer remains controversial. Using animal model, some studies find that IL-17A can inhibit tumor growth and metastasis through IFN-c producing NK and T cells [19, 20] . While other studies show that IL-17A can promote tumor growth and metastasis through IL-6/Stat3 signaling pathway [21] or through the induction of tumor promoting microenvironment at tumor site [22] .
In the present study, we found that IL-17A was frequently overexpressed in HCC with metastasis. The frequency of IL-17A-positive cells in tumor tissue was associated with HCC metastasis and prognosis. Further study found that IL-17A could increase cell motility by the upregulation of matrix metalloproteinases 2 (MMP2) and 9 (MMP9) via activating nuclear factor-kB (NF-kB) transcript factor.
Results

IL-17A-positive cells were associated with HCC metastasis
The number and distribution of IL-17A-positive cells were compared by IHC staining between primary HCC specimens with and without metastasis. IL-17A-positive cells could be detected in both tumor and adjacent non-tumorous tissues ( Figure 1A ). In 21 HCC cases without metastasis, no significant difference (P = 0.391, paired-samples T test) was observed in the frequency of IL-17A-positive cells between tumor (mean: 157698 cells, in 10 continuous fields under 4006 microscopy) and adjacent non-tumorous tissues (mean: 114622) ( Figure 1B) . In 22 HCC cases with metastasis, the frequency of IL-17A-positive cells was significantly higher (P = 0.001, paired-samples T test) in tumor tissue (mean: 5166182) than that in adjacent non-tumorous tissues (mean: 164631, Figure 1B ). The frequency of IL-17A-positive cells in tumor tissues was significantly higher in HCC cases with metastasis than that without metastasis (P = 0.002, Independent sample T test). Interestingly, the frequency of IL-17A-positive cells in adjacent non-tumorous tissue was also higher in HCC cases with metastasis than that without metastasis (P = 0.013, Independent sample T test) ( Figure 1B ).
IL-17A-positive cells were associated with poor prognosis of HCC
To investigate the correlation of the frequency of IL-17A-positive cells in tumor tissue with clinic pathological features, the mean of IL-17A-positive cells in tumor tissue in 43 HCC cases was calculated. According to whether the frequency of IL-17A-positive cells was above the mean level (341 cells) in tumor tissue or not, HCC cases in the present study were divided into two groups: IL-17A-high group (above the mean level, n = 15) and IL-17A-low group (below the mean level, n = 28). The association study showed that the frequency of IL-17A-positive cells in tumor tissue was not significantly associated with patient's gender, age, HBV infection, cirrhosis, tumor size and TNM stage (Table 1) . Interestingly, high frequency of IL-17A-positive cells in tumor tissue was significantly associated with patient's metastasis (P = 0.002, Table 1 ), overall survival rate (P = 0.01, Figure 1C ) and disease-free survival rate (P = 0.03, Figure 1D ). Univatiate and multivariate Cox progression analysis were performed and the results showed that the frequency of IL-17A-positive cells in tumor tissue was an independent prognostic factor for overall survival (HR = 0.236, P = 0.001) and disease-free survival (HR = 0.444, P = 0.027) ( Table 2 ).
Recombinant human IL-17A (rhIL-17A) could not promote HCC cell growth in vitro
Cell growth assay and cell proliferation assay were used to study the effect of rhIL-17A on cell growth in PLC8024 cells [23] by treating the culture cells with rhIL-17A. Cell growth rate was tested by XTT assay and the result showed that the cell growth rate was similar between cells treated with and without rhIL-17A (Figure 2A ). Foci formation assay also showed that rhIL-17A could not increase foci formation ability in PLC8024 cells ( Figure 2B ).
RhIL-17A increased cell motility in HCC cells
The effect of IL-17A on cell motility was investigated by wound healing and matrigel invasion assays. The wound healing assay showed that rhIL-17A could remarkably promote cell migration rate at the edge of exposed regions in PLC8024, QGY-7703 [24] and MHCC-97L [25] cells, compared to control parental cells ( Figure 2C ). Moreover, the invasion assay showed that the invasiveness of rhIL-17A treated cells was significantly higher than control parental cells (P,0.05, Independent Student's t-test) in all three tested cell lines ( Figure 2D ). These data demonstrated that IL-17A could enhance HCC cell migration and invasive ability.
RhIL-17A could not promote the epithelial-mesenchymal transition (EMT) in HCC cells
Changing in cell cytoskeleton and obtaining cell motility through EMT is one of the features of metastasis cells [26, 27] . The effect of IL-17A on EMT was tested in PLC8024 cells. After treatment with 50 ng/ml rhIL-17A for 2 days, F-actin in PLC8024 was detected by immunofluorescent staining with rhodamine phalloidine. The result showed that no obvious change in F-actin distribution was detected between rhIL-17A treated and untreated control cells ( Figure 3A) . As EMT is one of the important mechanisms for cell migration and invasion, we next studied the effect of IL-17A on EMT in PLC8024 cells. Both epithelia markers (E-cadherin, a-catenin and b-catenin) and mesenchymal makers (N-cadherin, Vimentin, Fibronectin and a-SMA) were compared by western blot analysis between rhIL-17A treated and untreated cells. The results showed that no obvious difference was detected between rhIL-17A treated and untreated cells for all tested markers ( Figure 3B ).
RhIL-17A upregulated MMP2 and MMP9 expressions in HCC cells
Since overexpression of MMPs plays an important role in cancer metastasis [28] , we next investigated the role of IL-17A on MMPs expression in HCC cell lines. Expressions of MMP1, MMP2, MMP3, MMP9 and MMP10 were compared by qPCR between rhIL-17A treated and untreated cells. The result showed that MMP2 and MMP9 were upregulated in rhIL-17A treated cells ( Figure 4A ). As MMP9 has been reported to be an important factor in tumor metastasis [29] , MMP9 was further characterized in this study. Western blot analysis found that MMP9 expression was upregulated in rhIL-17A treated cells (PLC8024 and MHCC-97L) compared to control ( Figure 4B ). It suggested that the metastasis promoting function of IL-17A might be through the extracellular matrix remodeling. RhIL-17A upregulated MMP2 and MMP9 expression via activating NF-kB NF-kB has been reported as a downstream target of IL-17A signaling pathway in many cells [30, 31] , which is able to upregulate MMP2 and MMP9 expressions [32] . And IL-17A was also reported to increase the expression of MMPs via activating NF-kB pathway in many cells [33, 34] . So We next tested whether the upregulating effect of IL-17A on MMP2 and MMP9 expressions in HCC cells was also via the activation of NF-kB or not. The result showed that the level of the active form of NF-kB (P-P65) in nuclei was dramatically elevated in PLC8024 and MHCC-97L cells after rhIL-17A treatment ( Figure 4C ). When helenalin, a NF-kB inhibitor, was added to PLC8024 and MHCC-97L medium before rhIL-17A treatment, MMP2 and MMP9 mRNA expression was significantly decreased (P,0.05, Independent Student's t-test) ( Figure 4D ). The result demonstrated that IL-17A induced MMP2 and MMP9 expression in HCC cells was via NF-kB activation. Accordingly, rhIL-17A induced HCC cell mobility could also be blocked by helenalin in vitro ( Figure S1 ).
IL-17A was positively correlated with expression of MMP2 and MMP9 in clinical samples
To confirm whether expression of MMP2 and MMP9 were correlated with IL-17A in clinical HCC samples, qPCR was used 
Discussion
HCC is one of the most fatal diseases in the world because of its high recurrence rate after curative therapy and lack of biomarkers for early detection [35] . HCC mainly develops from chronic inflammatory disease [36, 37] , where plenty of inflammatory cytokines infiltrate. IL-17A is an important inflammatory cytokines in the development of many inflammatory diseases and it is also frequently detected in tumor microenvironment [13] [14] [15] [16] [17] [18] . Several recent studies show that Th17 and IL-17A expression CD8 T cells were attracted to and expanded by the local environment of HCC [38, 39] and increased intratumoral IL-17-producing cells were correlated with poor survival in HCC patients [37] , while little is known about the effect of IL-17A on HCC progression. Recently, the effect of IL-17A on cancer progression has been addressed and results were controversial. Some reports showed that IL-17A could inhibit tumor growth and metastasis via the activation of cytotoxic T cells or inducing INF-gamma expression [19, 20] . While other studies demonstrated that IL-17A could promote cancer metastasis via affecting tumor microenvironment [21, 22] or inducing expression of other cytokines [40, 41] .
In the present study, higher frequency of IL-17A positive cells in tumor tissue was significantly associated with poorer prognosis of HCC (P = 0.01) by promoting HCC metastasis, suggesting that IL-17A played an important role in promoting HCC progression. Functional study showed that IL-17A could enhance the migration and invasion abilities of HCC tumor cells. And IL-17A was also proved to can promote the motility of breast cancer cells in another study [42] . Snail induced EMT [43] and twist mediated morphology change [44] are the most important events in tumor invasion and metastasis, which involves the losses of cell adhesion, cell-cell tight junction, cell polarity and remodeling of the cytoskeleton so as to facilitate cell migration and invasion. So we first studied the effect of IL-17A on EMT progression, and the result found that IL-17A did not affect HCC cell morphology and EMT progression.
Since overexpression of MMP is another key factor for tumor invasion and metastasis [45] , we next investigated whether IL-17A can affect MMPs expression. The result showed that IL-17A could upregulate expressions of MPP2 and MMP9. Overexpression of MMP2 and MMP9 has been frequently detected in solid tumors and associated with tumor invasion and metastasis [28, 29] , including HCC [46, 47] . Therefore, the pro-metastasis effect of IL-17A on HCC might be through the upregulation of MMP2 and MMP9. qPCR result further demonstrated that expression of MMP2 and MMP9 were significantly (P,0.0001) correlated with IL-17A expression in clinical HCC specimens. As NF-kB is a key transcription factor in the regulation of MMP9 expression [32] and IL-17A has been reported to be able to activate NF-kB signaling [30, 31] , we next studied whether IL-17A could activate NF-kB signaling pathway. The result found that rhIL-17A could activate NF-kB and subsequently upregulate MMP2 and MMP9 expression. This effect could be effectively inhibited by NF-kB inhibitor, suggesting that the upregulating role of IL-17A in MMP2 and MMP9 expression might be through the activation of NF-kB. Further characterization of the effect of IL-17A on HCC invasion and metastasis may lead to the identification of new diagnostic markers and therapeutic targets.
Materials and Methods
HCC specimens and cell lines
Forty-three HCC specimens from archives of paraffin embedded tissues were collected at the Sun Yat-sen University Cancer Center (Guangzhou, China). Among them, 22 HCCs with metastasis including 8 portal vein metastases, 9 intra-hepatic metastasis and 5 extra-hepatic metastases (4 in lung and 1 in centrum). Another 50 pairs of frozen HCC specimens (tumor and adjacent non-tumorous tissues) were collected at the Sun Yat-sen University Cancer Center (Guangzhou, China) for RNA isolation. Samples used in this study were reviewed and approved by the Committees for Ethical Review of Research involving Human Subjects at Sun Yat-Sen University Cancer Center. Human HCC cell lines QGY-7703 and PLC8024 were obtained from the Institute of Virology of the Chinese Academy of Medical Sciences (Beijing, China). MHCC-97L was obtained from Liver Cancer Institute, Fudan University (Shanghai, China). All cell lines were cultured in highglucose DMEM (Gibco BRL, Grand Island, NY) supplemented with 10% fetal bovine serum.
Immunohistochemistry (IHC) Staining
Paraffin-embedded, formalin fixed liver tissue sections (5 mm in thick) were deparaffinized and rehydrated. The endogenous peroxidase activity was blocked with 3% hydrogen peroxide (H 2 O 2 ) for 30 min. For antigen retrieval, slides were immersed in 10 mM citrate buffer (pH 6.0) and boiled for 10 min in microwave oven. Non-specific binding was blocked by 5% BSA in PBS for 30 min. The slides were incubated with a 1:300 dilution of antibody against human IL-17A (R&D Systems, Minneapolis, MN) at 4uC overnight in a moist chamber. Diaminobenzidine tetrahydrochloride was used as the visualization substrate followed by counterstaining with hematoxylin. Positively stained cells were counted under microscope by two independent investigators.
Cell growth assay and focus formation assay
Cell growth rate was determined by XTT assay. Briefly, cells were seeded in a 96-well plate at a density of 1610 3 cells and incubated at 37uC in a humidified atmosphere containing 5% CO 2 . After 24 hr, cultured cells were treated with or without 50 ng/mL recombinant human IL-17A (rhIL-17A) (R&D System, Minneapolis, MN), and 10 ng/mL TNF-a (R&D System, Minneapolis, MN)was used as positive control. XTT assay using Cell Proliferation Kit II (Roche Molecular Biochemicals, Germany) was performed according to the manufacturer's instructions. Triplicate independent experiments were done and data were expressed as mean6SD. For focus formation assay, 1610 3 cells were seeded onto a 6-well plate and stimulated with or without 50 ng/ml rhIL-17A for 1 week. Surviving colonies were fixed and stained with 1% crystal violet. Triplicate independent experiments were performed.
Cell migration and invasion assay
Cell migration and invasion ability were studied by wound healing and invasion assays. A series concentration of rhIL-17A (10 ng/ml, 50 ng/ml and 100 ng/ml) was tested and the result showed that 50 ng/ml rhIL-17A had the best effect (data did not shown), so 50 ng/ml rhIL-17A was used in this study. Cell migration was assessed by a scratch wound-healing assay. Cells were cultured in 6-well plate until confluent and then treated with or without rhIL-17A (50 ng/mL). The cell layer was wounded using a sterile tip and the spread of wound closure was observed and photographed under a microscope until healed area was found. Invasion assay was performed with 24-well BioCoat Matrigel Invasion Chambers (Becton Dicknson, Bedford, MA) according to the manufacturer's instructions. After cultured in medium with or without rhIL-17A (50 ng/mL), 5610 4 cells were seeded onto inner well and number of cells that invaded through the Matrigel was counted under 206 objective lens.
Western Blot Analysis
Whole cell lysates from HCC cells were harvested with cell lysis buffer. Nuclear lysates from cultured PLC8024 and MHCC-97L cells were harvested with NucBuster TM ProteinExtraction Kit (Novagen, Germany) according to manufacturer's instructions. Western blotting analyses were performed with the standard protocol using antibodies against b-actin, E-cadherin, a-SMA, vimentin, P-p65 (Santa Cruz Biotechnology, Santa Cruz, CA), histone H3, fibronectin and MMP9, (Abcam,UK), N-cadherin, acatenin and b-catenin (Cell Signalling Technology, Beverly, MA).
Quantitative real-time PCR (qPCR)
Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA), and reverse transcription was performed using an AdvantageH RT for PCR Kit (Clontech, Mountain View, CA) according the manufacturer's instructions. For qPCR analysis, aliquot of double-stranded cDNA was amplified with primers (Table S1 ) using a SYBR Green PCR Kit (Applied Biosystems, Carlsbad, CA) and an ABI PRISM 7900 Sequence Detector. 18s rRNA was used as internal control. The threshold cycle (C T ) was measured during the exponential amplification phase, and the amplification plots were analyzed using SDS 1. ). All reactions were performed in duplicate.
Statistical analysis
All data were analyzed with SPSS software (version 16.0) for statistical analysis. Comparisons between groups were analyzed by Student's t-test. Correlations between variables were determined by linear regression analysis. Survival was estimated by the Kaplan-Meier method and compared by the log-rank test. Univatiate and multivariate analysis of prognostic factor was performed with Cox progression model. Value of P,0.05 (two-tailed) was considered statistically significant. 
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